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AS Unit 1: Basic Biochemistry and Cell Organisation 
 
Name: Date: 
 
Topic 1.1 Biological Compounds – Page 5 
 
l.  Proteins 
  Completed 
1. Go through the PPT on Proteins  
2. Read the following handouts: 

• 1.1P Levels of Protein Structure 
• 1.1Q Shapes of Proteins 
• 1.1R Protein Function 
• 1.1S Protein Notes  

 

3. Complete the following: 
• 1.1Q Questions at the end of the hand out 
• 1.1S Diagram annotation and table at the end of the hand 

out 
• 1.1T Questions 

 

4. Homework:  Be able to draw and talk about the structure of the 
following: 

• Amino acid structure 
• Condensation and hydrolysis reactions  
• Dipeptides 
• Levels of Protein Structure 
• Protein functions 
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Introduction to Proteins 
 
Amino Acids. 
Amino acids are the building blocks for all proteins. There are 20 different amino acids found in the body, 
which can be polymerized into proteins.  All amino acids have the same general structure the only 
difference between the different amino acids lies with their ‘R’ groups.  This group is variable and it means 
there is a different type in each amino acid. 

      
 
Examples of amino acids: 

 
 
 
For each, highlight the ‘R’ group. 
 
If you can remember how two monosaccharides and fatty acids and glycerol can bond together, then the 
way in which amino acids bond will be very familiar. It is, once again, a condensation reaction with water 
being lost; the bond formed is called a peptide bond. 
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The reaction that has joined together two amino acids has formed a dipeptide. Further reactions form 
polypeptides. Polypeptides can be of varying lengths. 
 
Amino acids can be linked together in any sequence. This makes for a huge variety of polypeptide 
molecules. Of course, the synthesis of polypeptides is not random, but dictated by and coded for by the 
genes of an organism. The mechanism of this will be covered in a future unit.  
 
As the two ends of an amino acid (the carboxyl and amino ends) are used in the formation of peptide 
bonds, it is the variable ‘R’ group that determines the character of the polypeptide. In addition, the R groups 
form bonds between the polypeptide chains themselves giving rise to the particular 3D shape of the protein 
(tertiary structure). 
 
When describing protein structure there are four levels that can be described, primary, secondary, tertiary 
and quaternary. 
 
Primary Structure 
 
The primary structure of a protein describes the type, number and sequence in which the amino acids are 
joined together in a protein molecule.  Proteins differ from each other in the variety, numbers and order of 
their amino acids.  There are an infinite number of different possible combinations.  This structure forms the 
‘polypeptide backbone’. 
 
Significance of the Primary Structure: 
Different amino acids have different ‘R’ groups, because of this the number and type of the amino acids in 
the primary structure will determine the final structure that the proteins takes and therefore its function. 
 
 
Secondary Structure 
The secondary structure of a protein is the way in which the polypeptide chain (backbone) is coiled or 
folded.  There are two common forms of secondary structure either the chain is coiled like a spring to form 
an alpha helix, this is the most common form or lengths of the chain can line up side by side to produce a 
beta-pleated sheet. 
 
The secondary structure of proteins are held together by hydrogen bonds that form between  
C = O and N – H groups. 
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Alpha – helix 
Below are two diagrams that illustrate the alpha-helix structure: 
 

 

 
Use highlighter pen to highlight all the hydrogen bonds across the helix that are helping to maintain and 
stabilize this shape. 
(another common secondary structure is the beta pleated sheet) 
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Tertiary Structure 
The tertiary structure of a protein is produced when the secondary structure is further folded and coiled.  
The tertiary structure is maintained by: 
 Hydrogen bonding as discussed in the secondary structure of proteins 
 
 Disulphide cross links between side chains containing sulphur groups –SH 
 
  S  S 
 
      Attraction between sulphur groups 
	
  
Ionic bonds between positive and negative ions found on the R group (sometimes called electrovalent 
bonds) 
 
e.g.  
  CO2

-  +H3N 
 
 
                              Ionic bonds 
 
 
As well as hydrophobic bonds. 
 

	
  
	
  
Many	
  globular	
  proteins	
  have	
  a	
  	
  well	
  developed	
  3	
  dimensional,	
  compact	
  shape.	
  	
  	
  
	
  
	
  
Significance	
  of	
  the	
  Secondary	
  and	
  Tertiary	
  structure:	
  
The secondary and tertiary structure of a protein is collectively referred to as the higher structure of a 
protein.  Some proteins will only have a secondary structure whilst others will adopt a tertiary structure.  
This shape is extremely important as functional proteins such as enzymes and antibodies rely on having an 
exact shape in order to function; structural proteins such as keratin depend upon an exact shape to give 
them their shape for strength. 
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If a protein just consists of a single polypeptide chain then secondary or tertiary will be the final level of 
structure for that protein. 
 
Quaternary Structure 
If a protein is made up of more than one polypeptide chain (and may also incorporate a non-protein 
element) into its structure then it is described as having a quaternary structure. 
 

 
 
Using the labels on the next page nnotate this diagram to summarize the structure of proteins: 
 

 

	
  
	
  	
  

	
  

	
  

	
  

	
  

	
  
	
  

	
  

	
  

	
  
	
  

	
  
	
  



1.1	
  Page	
  5	
  –	
  Proteins	
   	
   S.	
  Preston	
   	
   7	
  

N- terminal             Peptide bond     Amino Acid side 
chain 

C-terminal Primary Structure 

Secondary 
structure 

Alpha helix 
formed by 
twisting the chain 
into a coil and 
held together by 
hydrogen bonds 

Ionic bonds 
between positive 
and negative side 
chains 

Beta pleated 
sheets formed by 
chains lining up 
and held together 
by hydrogen 
bonds 

Disulphide cross 
links 

Tertiary Structure Hydrogen bonds 
between side 
chains 

Secondary 
structure  

  

 

 
 
Globular proteins, have a well-developed tertiary structure and form compact and rounded molecules.  The 
polypeptide chains tend to have more irregular amino acid sequences. They are soluble in water.  Most 
globular proteins are soluble in water. 
 
Globular proteins form antibodies, enzymes, hormones and plasma proteins. 
 
 
Fibrous proteins consist of long and narrow parallel chains of polypeptides with little tertiary structure.  
Primarily they are alpha helices linked into strands. The polypeptide chains tend to have repetitive amino 
acid sequences. They form physically tough insoluble fibers or sheets.  Most are insoluble in water due to R 
group side chains that are positioned on the outside of the molecule being hydrophobic. They are involved 
in the structure of connective tissues, tendons, bone matrix and muscle fibers. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
. 
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Function General description of function Named Example Description of the job carried 
out by the named example 

 
 
 
Enzymes 
 
 
 

 

  

 
 
 
Hormones 
 
 
 

 

  

 
 
 
Structural 
 
 
 

Help form strong structures and 
frameworks within the body e.g. 
nails, hair, bone, cartilage and a 
framework to bind the cells of 
tissues together. 

  

 
 
 
Transport 
 
 
 

Help to transport substances 
around the body in the blood. 

  

 
 
 
Protection 
 
 
 

Help to protect the body the body 
from invasion by microorganisms 
either in clotting the blood or 
producing antibodies. 

  

 
 
 
Contractile 
 
 
 

Form fibres that when contracted 
(shortened) can bring about the 
movement of the body. 

  

 
 
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  



1.1	
  Page	
  5	
  –	
  Proteins	
   	
   S.	
  Preston	
   	
   9	
  

	
  



1.1	
  Page	
  5	
  –	
  Proteins	
   	
   S.	
  Preston	
   	
   10	
  
	
  



1.1	
  Page	
  5	
  –	
  Proteins	
   	
   S.	
  Preston	
   	
   11	
  

	
  

	
  
	
  
	
  

O 2 Shapes of protein molecules
Look up the structure of amino acids and
formation of peptide bonds (see CAMS Biology
Corebaok page L0, Fig. 7). In different amino
acids, the R-group is different, for example in
alanine it is CH3. Some amino acids contain the
element sulphur. A protein molecule is made up
of a long chain of amino acids joined together by
peptide bonds. The chain is called a polypeptide.
The sequence of amino acids is called the
primary structure of the protein. The genetic
information carried in DNA determines the
primary structure.

But proteins are three-dimensional structures,
not flat chains. They form complicated shapes
due to the linking together of different amino
acids, each with its own shape. The amino acid
chains produce spirals, with hydrogen bonds
forming between twists in the spiral. This helical
structure of a protein is called the secondary
structure (Fig. 1).

polypeptide chain
of amino acids
forms a spiral

Different spirals of amino acids link together in
different ways, to give a range of polypeptides
with different functions. Fibrous proteins form
when these spirals join together to form long
threads, such as keratin, a protein found in hair.
Most proteins, however, form irregular-shaped
structures, called globular proteins. Enzyrnes and
proteins found in cell membranes are globular
proteins. The way that the amino acids twist and
turn to form the globular shape is caused by the
way in which the amino acids in the chain
attract or repel each other. The overall shape of a
protein molecule is called its tertiary structure
(Fig. 2). Where the chain twists and folds around
itself, chemical bonds form between amino acids
that come close to each other. Three types of
bond can form (Fig. 3).

irregular (globular) shape caused
by folding of polypeptide

'-"''"'-" bonds between
amrno acid chains

!j

, hydrogen bond

O -: - -H

electrovalent bond between ionically
charged qroups

/
cooo----l---------- --H9ru

The main group of globular proteins are
enzyrnes. Enzyme molecules need to have a
particular shape, so that they can link with the
right substrate molecules for the reactions they
catalyse. A mistake during protein synthesis
could mean that the wrong amino acid is
inserted into the protein molecule. This would
produce an enzyme with a different shape. The
new shape may mean that the enzyme and
substrate do not fit together, and the reaction is
not catalysed.

Some proteins consist of several polypeptide
chains linked together, such as haemoglobin,
w$ch is made up of four separate polypeptide
chalns. The linking of polypeptides in a protein
produces a quaternary structure.

8..-N\d
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Questions

correct description:
a Primary structure.
b Secondary structure.
c Tertiary structure.
d Quaternary structure.

A The coiling of an amino acid chain
into a spiral structure.

B The association of several polypeptide
chains.

C The sequence of amino acids in a
polypeptide chain.

D The irregular folding of a polypeptide
chain into a globular shape.

Match the following aspects of the
*ructure of a protein molecule with the

% The diagram shows a dipeptide.

Box A

Show, by means of a similar drawing,
one of the two amino acids produced
by hydrolysis of this dipeptide.
What is the name of the chemical group
represented by Box A?
What is the chemical group represented
by Box C?
What is the name of the chemical bond
shown in Box B?

fhe drUary structure of a protein is held in
placeWith chemical bonds.
a Give the name of one chemical bond

that is present in the tertiary structure of
a protein, but not in the secondary
structure.

b Name a chemical bond present in both
the tertiary structure and the secondary
structure.

The tertiary structure is important in
determining the shape of a protein molecule.
c Explain why a mistake leading to the

insertion of the wrong amino acid
during protein synthesis could produce
an enzyme that does not function.

d Why do enzymes no longer function if
heated to a temperature of 80 "C?

e Glucose, and no other sugar, is
transported into cells by protein carrier
molecules in the cell-surface membrane.
How do the carrier molecules specifically
recognise glucose?

eqk The enzyme RNAase is a protein containing* '124 amino acids.
a Assuming that there are 20 different

amino acids involved in protein
structure, how many different sorts of
protein molecule could be made
containing 124 amino acids?

b Explain what causes the sequence of
amino acids in molecules of RNAase to
be the same each time they are made.

The diagram shows the tertiary structure
of a molecule of RNAase.

a sulphur-containing
amino acid

Apart from involving different amino
acids, in what way do the two ends of
the RNAase molecule differ from each
othdr?
Explain why all molecules of RNAase
have the same tertiary structure.
Urea breaks hydrogen bonds and the
substance mercaptoethanol breaks
disulphide bridges. lf a molecule of
RNAase were treated with a mixture of
urea and mercaptoethanol, explain what
would happen to:
- the structure of the RNAase;
- its enzyme activity.

c

d

\L
s'-t

\->\
)

Q\n
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1. Below is a diagram showing the R groups of different amino acids. 
 

 
 
Draw the following: 
 

i. The amino acids Cysteine and Methionine, highlight the carboxylic (acidic) groups and the 
amino (basic) groups. 

ii. Condensation reaction between Valine and Glutamine 
iii. Hydrolysis of a dipeptide formed from Glutamic acid and Glycine. 

 
2.  Define primary structure.  Why is the primary structure significant? 
 
3.  How is the secondary structure of a protein achieved from the primary structure?  How is the 
shape maintained? 
 
4.  What is the name of the most common secondary structure? 
 
5. Give some examples where the specific shape of a protein is critical. 
 
6. How is the tertiary structure of a protein achieved from the secondary structure?  How is this 
shape maintained? 
 
7. Do all proteins have a well-developed tertiary structure? 
 
8. R- groups will project from a proteins tertiary structure.  In which direction do you think 
hydrophobic / non-polar R groups will face in a globular and a fibrous protein? 
 
9. Define quaternary structure.  Give an example of a protein which exhibits this level of structure. 
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